Investigating neural activity from a global brain perspective in-vivo has been in the domain of functional Magnetic Resonance Imaging (fMRI) over the past few decades. The intricate neurovascular couplings that govern fMRI's blood-oxygenation-level-dependent (BOLD) functional contrast are invaluable in mapping active brain regions, but they also entail significant limitations, such as non-specificity of the signal to active foci. Diffusion-weighted functional MRI (dfMRI) with relatively high diffusion-weighting strives to ameliorate this shortcoming as it offers functional contrasts more intimately linked with the underlying activity. Insofar, apart from somewhat smaller activation foci, dfMRI's contrasts have not been convincingly shown to offer significant advantages over BOLD, and its contrasts relied on significant modelling. Here, we study whether dfMRI could offer a better representation of neural activity in the thalamocortical pathway compared to its (spinecho (SE)) BOLD counterpart. Using high-end forepaw stimulation experiments in the rat at 9.4 T, and with significant sensitivity enhancements due to the use of cryocoils, we show for the first time that dfMRI signals exhibit layer specificity, and, additionally, display signals in areas devoid of SE-BOLD responses. We find that dfMRI signals in the thalamocortical pathway cohere with each other, namely, dfMRI signals in the ventral posterolateral (VPL) thalamic nucleus cohere specifically with layers IV and V in the somatosensory cortex. These activity patterns are much better correlated (compared with SE-BOLD signals) with literature-based electrophysiological recordings in the cortex as well as thalamus. All these findings suggest that dfMRI signals better represent the underlying neural activity in the pathway. In turn, this may entail significant implications towards a much more specific and accurate mapping of neural activity in the global brain in-vivo.
Introduction
The Blood Oxygenation Level Dependent (BOLD) mechanism has been at the heart of functional Magnetic Resonance Imaging (fMRI) since its inception [1] [2] [3] [4] in the early 1990's. BOLD fMRI signals can act as surrogate markers for neural activity by harnessing intricate neurovascular couplings involving metabolic demand triggered by neural activity and ensuing fluctuations in blood oxygenation levels, as well as in hemodynamics [5] [6] [7] [8] [9] [10] [11] [12] . BOLD fMRI has found diverse applicability in myriad disciplines due to its unique contrasts and noninvasive nature; indeed, BOLD-fMRI has been used, inter alia, to study neurovascular couplings in animals [13] [14] [15] , to investigate functional connectivity 16 and cognition 17 in humans, and to explore functional deficits in disease and how they evolve with time 18 .
BOLD fMRI's underpinnings are, however, somewhat removed from the underlying neuronal activity. That is, the neurovascular couplings are driven by neural activity, but they are governed by the vascular coupling. The spatial distribution of blood vessels 19, 20 , as well as the complex signaling pathways involved with activating the vasculature tree 21 will contribute to, and eventually determine, the shape of the BOLD response and hence fMRI's ability to faithfully represent the actual activity.
In rat pups, for example, BOLD contrast is not observed until ~ day 18, when the neurovascular tree matures 22 ; in physiologically unstable subjects, BOLD metrics may be unreliable 23 . In addition, BOLD's contrast -especially when imparted through gradient echo (GE) pulse sequences -is typically considered spatially unspecific due to recruitment of blood vessels far downstream from active foci [24] [25] [26] , which often leads to overestimations of activated regions 27, 28 . The application of spinecho pulse sequences improves the specificity of the signals by filtering the larger veins and enhancing contrast from small microcapillaries that are more likely to be closer to the area of activity but comes at the expense of reduced sensitivity [29] [30] [31] .
Clearly, the development of functional contrasts more intimately linked with the underlying neural activity would be a leap towards mapping brain function more directly and accurately. Many contrasts harnessing MRI's rich physics -that can give rise to many different types of contrasthave been suggested for this purpose 32 . Diffusion-weighted fMRI (dfMRI) is perhaps one of the most promising means suggested for overcoming some of BOLD-fMRI's limitations 33 . Diffusion MRI operates through the application of spatially-encoding gradients 34 , separated by an observation time during which MRI-observable molecules can diffuse and encounter the microscopic boundaries in the tissue. The diffusion-weighted signal thus become imprinted with signatures of the underlying microstructure 35, 36 . Already early on, diffusion weighted fMRI, with typically very low diffusion weighting, were used to provide insight into the BOLD mechanism itself and improve the spatial specificity of the signals [37] [38] [39] [40] . However, given that a coupling between neural activity and mechanical properties has been long-since evidenced in intrinsic microscopy [41] [42] [43] [44] [45] [46] , and that the signal with higher diffusion weighting is typically associated with the extravascular space, Le Bihan and colleagues have postulated that diffusion MRI's sensitivity to microstructure could be used in a functional MRI setting and may reflect neural activity better than its BOLD counterpart 33, 47, 48 . Indeed, dfMRI contrasts exhibited a greater locality compared to BOLD-driven signals, both in humans 33, 49 and in rodents 47, 48 , and functional changes were even observed in white matter upon stimulation 50 . However, dfMRI experiments have been also met with much criticism [51] [52] [53] [54] : the more localized nature of activation was deemed an artifact of poorer signal to noise 53, 54 and other studies questioned the very premise of the experiments, suggesting that the origins of the signal were not neural but BOLDrelated 51, 52, 55 . To a great extent, the controversy over dfMRI signals can be pinpointed to: (1) low signal to noise levels, quite inherent to dMRI in general and dfMRI in particular; (2) the ensuing necessity of using elaborate statistical models 29, 56 whose ground-truth or underpinnings are not necessarily known a-priori, which could impact the contrasts observed and affect signal interpretation; (3) perhaps most importantly, it was not shown, insofar, whether dfMRI signals actually provide "added-value" over BOLD-fMRI, in the context of mapping active networks in the brain.
Here, we endeavored to investigate whether dfMRI signals are more specific and whether they could map a known neural circuitry more closely than their SE-BOLD-fMRI counterparts. To overcome the sensitivity limitations 57 , we harnessed a cryoprobe 58,59 at 9.4 T 60 , thus boosting the sensitivity of the experiments to the point where pure data-driven analysis is possible, thereby realizing a fair comparison of functional signals. As a model system, we use the rat forepaw stimulation paradigm, where the circuitry is well-established from electrophysiology 13, 61, 62 and the ascending pathway is fully characterized ( Figure 1A ). In the specific case of mechanoreception in the rat forelimbs, somatosensory information is gated in the thalamic ventral posterolateral (VPL) nucleus, before reaching the cortex 63 , which receives inputs mainly in layers IV 64, 65 and V 66 . Thus, this model can be very useful to investigate whether dfMRI provides any added-value over BOLDfMRI, mainly because BOLD-fMRI typically shows a non-local activation of the entire somatosensory cortex 67, 68 and very rarely do signals specific to VPL emerge in BOLD-fMRI 9 (though unspecific thalamic signals are sometimes observed [69] [70] [71] 
Animal preparation
In the day of the experiment, rats were induced into deep anesthesia with 5% isoflurane (Vetflurane, Virbac, France), and maintained under 2.5% isoflurane, while two stimulation electrodes (Dexter Technologies, USA). The animal's temperature and respiration rate were continuously monitored using a rectal temperature probe and respiration sensor (SA Instruments Inc., USA), respectively, and pCO2 was monitored using a transcutaneous monitoring system (TCM4 series, Radiometer, Denmark). In the end of the experiments, sedation was reverted by injecting the same amount of the initial bolus of 1:10 of atipamezole 1 mg/ml solution in saline (Antisedan, Vetpharma Animal Health, Spain).
Stimulation paradigm
A stimulator built in-house was used to generate square waveforms for electrical stimulation at the left forepaw ( Figure 1B ). The stimulation protocol consisted of 45 seconds of rest, followed by 15 seconds stimulation with electrical pulses delivered to the left forepaw with a square waveform comprising 1.5 mA, 10 Hz and 3 ms stimulus duration. A total of 10 stimulation periods per experiment were used ( Figure 1B ).
Functional Magnetic Resonance Imaging
A 9.4 T Bruker BioSpec scanner (Bruker, Karlsruhe, Germany) equipped with a gradient system producing up to 660 mT/m was used for all experiments. An 86 mm quadrature resonator was used for transmittance, while a 4-element array cryoprobe (Bruker, Fallanden, Switzerland) was used for signal reception 58, 60 . Following localizer experiments, anatomical images were acquired using a RARE T2-weighted sequence (TEeff/TE/TR=7.25/29/1800ms, RARE factor = 10, partial Fourier factor = 1.33, FOV = 16 x 16 mm, matrix size = 160 x 160, in-plane resolution = 100 µm x 100 µm, slice thickness = 0.75 mm). These images were used to place the four coronal slices of interest between +1.68 and -4.36 mm from Bregma.
For the all functional MRI experiments, a spin-echo echo planar imaging sequence (SE-EPI, Figure 1D ). The shape of the b-tensor was calculated using the magic angle (in Euler angles with respect to the gradient system, ζ = 54.3º, φ = 0º and θ = 0º, where ζ is the rotation axis (magic angle), while θ and φ reflect the polar and azimuthal angle in the gradient frame of reference) to generate spherical, i.e., isotropic diffusion encoding 74 .
Data analysis
Both SE-BOLD and diffusion fMRI data were preprocessed using fMRat 75 , a routine calling SPM12
in Matlab® (The Mathworks, Nattick, USA). Briefly, data were realigned, normalized and then slicetiming corrected prior to further data analysis. The realignment and normalization of data make use of interpolation algorithms implemented in SPM12, specifically a 4 th degree B-spline, while slicetiming correction was performed using sinc interpolation.
Region of interest analysis. To avoid any assumptions on statistical models for data analysis, the preprocessed data were subject to region of interest (ROI) analysis. The ROIs were chosen based on known anatomy and drawn according to the Paxinos & Watson atlas 76 , and corresponded to forelimb primary somatosensory cortex, FL S1 (slice 1, both in its entirety and, when indicated, only layer IV), and the ventral posterolateral area of the thalamus (VPL) (slice 4).
Activation dynamics. In each ROI, the detrended temporal evolution was plotted for Signal distribution between epochs. In ROI, the distribution of signals in active epochs vs. rest epochs was also plotted as a means of comparing the MRI signal in each period. Those distributions were then compared via a simple two-tailed Student's t-test with p<0.05 considered statistically significant. The cumulative distribution function was also extracted from these distributions for comparison.
Pixel-by-pixel analysis.
We also aimed to generate activation maps from both SE-BOLD-fMRI and dfMRI, without relying on statistical models in the analysis. To this end, the preprocessed data were subject to both Fourier 77 and coherence analyses 78 , as detailed below:
Fourier analysis. The paradigm is periodic, and therefore contains specific frequency elements and their harmonics. The paradigm was thus Fourier transformed, and the frequency elements identified in the magnitude spectrum. The SE-BOLD-fMRI and dfMRI signals were then also Fourier transformed, and the area under the frequencies corresponding to the first 2 components of the paradigm was computed. The ensuing activation maps simply reflect the area under those peaks.
Coherence analysis. To examine the relationship between active regions, coherence 78 analysis was performed. The temporal evolution of the ROIs drawn in VPL, FL S1, and Fl S1 layer IV regions were used as seeds to calculate the coherence magnitude between those seeds and every other pixel using Sun's method 78 . The integrals under the peaks in coherence spectra were computed.
Mean diffusivity time course: the raw temporal data Sb1500 and Sb0 extracted from an ROI placed in cortical layer 4 in each animal were prewhitened and low-pass filtered. For each animal, the stimulation epochs were averaged to produce the animal-specific averaged time course for each of the time courses at b=0 and b=1500 s/mm 2 . For every animal, the mean diffusivity average time course was then calculated via
The animal-specific timecourses were then normalized, and the mean time course and its standard error were computed.
Results

Quality of raw data
The first objective of this study was to achieve sufficient sensitivity to be able to see the activation patterns with the naked eye even in a single animal and a single run. To assess the robustness of the experimental data in this study, Figures 1E and 1F show raw data from the SE-BOLD and dfMRI experiments, respectively, from a representative animal. The data were of high quality, without image artifacts, and, across the animals studied, the signal-to-noise ratio for SE-BOLD and dfMRI were 323±31, and 127±8, respectively (mean±standard deviation). The slight partial volume effects of the functional images can be judged when compared to the higher resolution anatomical images, which cover the same brain areas ( Figure 1G ).
Raw temporal evolution of the signal in FL S1
Establishing whether dfMRI results could be observed across a single animal within a single stimulation epoch was the first goal of the study. Since the primary somatosensory cortex is the forepaw stimulation main target 65 , Figure 2A shows FL S1 ROI (overlaid on the dfMRI image), specifically drawn in layer IV, which is known to receive the majority of inputs from such stimulation 64, 65 . Figure 2B shows one representative dfMRI data traces arising from a representative animal.
The signal changes on activation are clearly observed above the noise, even for this single trial, without averaging, filtering or otherwise data processing (other than detrending the data from the global drift). When the traces were averaged across only five animals ( Figure 2C ), the time-series profile becomes even cleaner and shows very strong signals that correspond to the paradigm. When those are summed to generate the average cycle ( Figure 2D ), a ~4% dfMRI signal increase is observed in the stimulation period. When the same ROI is placed over the SE-BOLD data ( Figure 2E ), the SE-BOLD signals show higher signal-to-noise contrast for both single animal ( Figure 2F ) and the average across animals ( Figure 2G ). The SE-BOLD average cycle signal ( Figure 2H ) is also cleaner than dfMRI, as expected, exhibiting less baseline noise. Nevertheless, both dfMRI and SE-BOLD fMRI show strong and robust functional signals in layer IV of somatosensory cortex. Note the similar amplitudes of the dfMRI and SE-BOLD fMRI activation signals.
To better quantify the differences between dfMRI and SE-BOLD signals, the distribution of signals in rest periods versus stimulation periods was evaluated ( Figures 3A and 3B ). The histograms clearly show an increased signal distribution at the stimulation period compared to the rest period for both dfMRI and SE-BOLD. The cumulative distribution functions shown in Figures 3C and 3D for dfMRI and SE-BOLD, respectively, separate rest and activity periods even more clearly. Both dfMRI and SE-BOLD signals differed with statistical significance between rest and stimulation conditions ( Figure 3E , corrected p<0.0001 for both dfMRI and SE-BOLD).
Raw temporal evolution of the signal in the VPL nucleus of the thalamus
The second set of results investigated the occurrence of functional signals in the VPL nucleus in the thalamus, as the forepaw somatosensory pathway passes through this region. Data from an ROI drawn specifically in the VPL ( Figure 4A ) in a single animal ( Figure 4B ) are inconclusive, both for SE-BOLD and dfMRI. However, after averaging data from only five animals, clear signs of activity can be detected in dfMRI ( Figure 4C ) and the averaged cycle provides even more conclusive evidence towards signal increases in the VPL upon stimulation ( Figure 4D ). By contrast, when the (higher SNR) SE-BOLD experiments were performed, and the same ROI was used ( Figure 4E ), no signals could be distinguished from noise whether in single animals ( Figure 4F ), or in the signals summed from all five animals ( Figure 4G ). SE-BOLD's averaged cycle data also reveals no signs of signal differences in VPL between rest and stimulation conditions ( Figure 4H ).
To better quantify these effects, Figure 5 shows the histogram and cumulative distribution function analyses described above for the VPL ROI. The histogram distributions in dfMRI exhibit clear differences between rest and active periods ( Figure 5A ) while SE-BOLD histogram distributions reveal none ( Figure 5B ). The cumulative distribution function analysis ( Figure 5C and 5D for dfMRI and SE-BOLD, respectively) reveals that only dfMRI cumulative distributions differ between rest and stimulation conditions ( Figure 5C ); no such difference was observed for the SE-BOLD CDFs ( Figure 5D ). Finally, the distribution means and standard deviations are plotted in Figure 5E . A statistically significant difference is observed in VPL only for the dfMRI experiment (corrected p <0.001) whereas the SE-BOLD experiment shows no statistically significant differences between rest and stimulation periods (corrected p=0.49).
Mapping activity using spectral analysis
Next, we turn to ROI and pixel-by-pixel activation mapping in the brain using a straightforward approach of Fourier analysis, which is made possible from the periodic nature of the paradigm ( Figure   6A ) and avoids fitting the data to specific assumed response functions 79, 80 . The spectrum arising from the paradigm itself is presented in the lower panel of Figure 6A and contains the fundamental frequency (labeled 'F', ~ 0.016 Hz corresponding to one block per minute) as well as its harmonics. Figure 6B plots the frequency components obtained from the FL S1 ROI time-series for each method.
Clearly, the first and second components are above the noise level and correspond to the same frequency components arising from the paradigm. Hence, only the fundamental frequency and second harmonic were considered for further analyses. Interestingly, in the VPL ROI, only dfMRI spectra contained signals in the fundamental frequency and the second harmonic, while SE-BOLD frequencies revealed no such components ( Figure 6C ).
To generate activation maps, the same Fourier analysis approach was simply performed voxel-by-voxel. Figure 6D shows the analysis for a single subject. For dfMRI, voxels corresponding to the input cortical layers IV and V were more correlated with the paradigm than the other cortical layers, while in SE-BOLD, this distinction was hardly possible to make, and a very large cortical area was observed as "active". Note that the thresholds used were identical for both methods, with the lower threshold assessed from the higher frequency components that contain only noise. When averaged across the five animals in this study, we obtained the final activation maps shown in Figure   6E : the dfMRI map shows a strong activation signal focused around laminae IV and V, with surrounding rims of lower activity; by contrast, the SE-BOLD-fMRI signals were much more uniform across the entire cortical region and were perhaps slightly more concentrated on the border between layers V and VI.
To evaluate whether thalamic activity could be mapped, the same procedure was applied to the slice containing VPL ( Figure 6F ). In the single-subject VPL analysis, VPL activity was very difficult to delineate in dfMRI (data not shown). However, when the data from the five animals were averaged, two thalamic nuclei corresponding to VPL and to the posterior medial nucleus (PoM, a thalamic nucleus involved in the adjustment of somatosensory cortical processing 81 ), were identified as "active" (i.e., containing energy under the fundamental frequency and the second harmonic of the paradigm) in dfMRI. By contrast, no activation was observed in VPL for the (higher-SNR) SE-BOLD-fMRI experiments. Although multiple areas do appear "active" in these SE-BOLD maps, they are likely due to noise given that the signals in spectral domain were close to the noise levels in SE-BOLD (c.f. Figure 6C ).
Coherence in the rat thalamocortical pathway
As described above, dfMRI exhibited activity in both VPL and FL S1, the areas most relevant to the forepaw stimulation paradigm. It is thus useful to evaluate whether these signals are functionally related to each other. To achieve this, we used coherence analysis 78 , whose magnitude spectrum reflects a cross-correlation between a seed region and any other target. Figure 7A delineates the ROIs chosen for analyses. Figure 7B shows the coherence spectrum when the VPL ROI time course is used as the seed, and FL S1 time-series is used as the target. In the dfMRI experiments, a strong coherence was observed at the lower frequencies, as expected for functionally connected areas 78 . For the sake of completeness, Figure 7B (blue trace) also shows coherence plots arising from SE-BOLD, revealing, as expected, no significant coherence.
Finally, to investigate which brain regions cohere with the selected seeds, we evaluated coherence on a voxel-by-voxel level. Figure 7C shows that when the ROI drawn in FL S1 is used as the seed, the VPL is specifically highlighted in dfMRI coherence maps. Conversely, SE-BOLD signals originating in FL S1 did not cohere with thalamic nuclei ( Figure 7D ) or nearby thalamic nuclei. Similarly, when the VPL ROI was used as the seed, the strongest coherence in dfMRI was in the target area -the border of layers IV and V of FL S1 -along with signals cohering to a lesser extent in other layers in FL S1 ( Figure 7E ). As expected, SE-BOLD signals originating from VPL did not cohere with their downstream circuitry in the cortex ( Figure 7F ).
Discussion
Neural activity is multifaceted, occurs on numerous scales and through myriad mechanisms, and 56 , they arise from a "filtered" BOLD effect.
Our study aimed to SE-BOLD-and diffusion-fMRI in the most direct way possible, avoiding the application of complex statistical models that assume (unknown) response functions a-priori or deconvolution of data. This calls for high-quality data that would enable a data-driven analysis of both SE-BOLD and dfMRI signals. To achieve the required data quality, we took advantage of an arrayed cryogenic receive coil (cryoprobe) to boost signal-to-noise ratio (SNR) by approximately x2.5 58, 60 . The basic principle underlying the SNR boost achieved with cryogenic coils relies mainly on lowering the electronic noise of the MR acquisition hardware. This fact has been shown theoretically 57 and demonstrated with NMR acquisitions using receiver coils and pre-amplifiers cooled to cryogenic temperatures 59 . Previous studies, using a similar cryoprobe engineered for mice, also reported an SNR increase of approximately x2.5, in comparison to a conventional room temperature receiver coil 60 . With this sensitivity, robust and reproducible cortical and thalamic signals were observed in dfMRI, which mapped the network with very high specificity.
Although since the areas are functionally connected 65 , we hypothesized that they should cohere with each other -as expected from the neural activity in the somatosensory pathway 64, 65 . Interestingly, dfMRI signals indeed exhibited very strong coherence between VPL and FL S1 Layers V and IV, and vice-versa, the entire somatosensory cortex cohered very well with VPL ( Figure 7 ). This lends further credence to the notion that dfMRI signals (at high field) represent the network's neural activity quite faithfully.
In fact, our study shows no SE-BOLD signals at all in VPL (c.f. Figure 6) , and, as a consequence, also no coherence with S1. This observation cannot be attributed to signal-to-noise differences between SE-BOLD and dfMRI sequences, because dfMRI exhibited lower SNR, by a factor of almost 5, but it still evidenced signals not observed in the higher-SNR SE-BOLD-fMRI. The absence of VPL signals in SE-BOLD-fMRI is in line with, e.g., Keilholz et al 9 , that observed BOLD-fMRI activity in thalamus only in <~10 % of rats studied, and, even then, the activity was not specific to VPL. On the other hand, several studies show BOLD activation of the thalamus in similar rat forepaw stimulation paradigms 70,71 using gradient-echo sequences. In GE, the sensitivity towards BOLD responses is higher, but the spatial specificity of the activated brain areas is much lower due to the sequence's tendency to highlight large draining veins and vessels downstream of the activated areas. Indeed, the above-mentioned reports 31, 70, 71 show activation of many thalamic nuclei that are not related with sensorial stimuli and the reproducibility of the VPL activity is shown to be quite poor 31 . One potential reason for the lack of clear VPL SE-BOLD signals, is its sparser, and differently organized, vasculature compared to the rodent cortex 96, 97 .
Rather than investigating the mechanism underlying dfMRI, this study was designed to provide high-quality data, which could be used nearly "as is" rather than be subjected to extensive modeling or filtering. The use of a cryoprobe, with approximately ×2.5 sensitivity enhancements 60 , greatly contributed to the clarity of the data and its high SNR. Our ability to use a simple Fourier analysis to map the activation patterns obviated the need for statistical parametric mapping, which requires a-priori knowledge (or, more commonly, assumptions) on the response function (hemodynamic or diffusion). In addition, dfMRI signal distributions showed clear differences when simply plotted (Figures 3 and 5) . It is also worth mentioning that the isotropic diffusion encoding scheme (IDE) 73, 74 employed here benefits from removing potential directional dependence 51 (though, in auxiliary experiments we have not observed any significant orientational dependence, data not shown), as well as from mitigating cross-terms 73 with internal gradients due to their oscillatory nature, which in turn also reduces the sequence's potential sensitivity to BOLD effects when diffusion gradients are applied.
Despite that this study did not directly assess the mechanism underlying dfMRI signals, there are several putative explanations suggesting, at least, a shift of intra-to extra-vascular contrast It is worth highlighting that this study does not tackle temporal aspects of dfMRI. Previous results from Tsurugizawa et al. in rodents 47 , as well as others in humans 33, 101 , indicated that dfMRI signals typically peak faster than BOLD responses. In this study, we did not observe such temporal shifts since we aimed at mapping the spatial aspects of dfMRI, and thereby the temporal resolution was somewhat low. Thus, this study is not suitable for investigating such fast dynamics. Future studies with much higher temporal resolution are needed to investigate the temporal aspects of dfMRI and to provide insight into their correlation with underlying neural activity. These could be achieved using compressed sensing and/or sacrificing spatial resolution. Compared to other dfMRI studies 47, 48 in rodents, this study used a relatively small number of animals (n=5); however, given the very high signal to noise of the experiment and the avoidance of using complicated statistical analyses, the study is sufficiently well powered, and the results were consistent along the different animals.
Finally, while the exact mechanism underlying dfMRI remains to be explored 29, 40, 52, 55, [98] [99] [100] , our evidence suggests that whatever the mechanism, dfMRI functional signals are more specific to the circuitry, and therefore, may serve not only to highlight networks involved in task-based fMRI, but also perhaps more generally provide more genuine connectivity, e.g., in resting-state-dfMRI 48 . In addition, it should be noted that the data-driven analysis proposed here for the dfMRI signals should be applicable to human scans provided that the SNR is sufficiently high.
Conclusions
Diffusion-weighted fMRI signals map neural activity more faithfully compared to their BOLD counterparts, at least from the perspective of known anatomical and functional connections. For the forepaw stimulation paradigm at 9.4 T, dfMRI signals are strongest in the border of layers IV and V, as expected from electrophysiology, and they cohere strongly with VPL signals, as expected from these anatomically and functionally connected regions, suggesting that the dfMRI signals are more intimately linked with the underlying activity than their hemodynamic-based SE-BOLD counterparts.
Our data-driven analysis, which was able to reveal the time course of the apparent mean diffusivity, is independent of statistical modeling and thus avoids the inherent risk of bias in model selection.
These findings are promising for future preclinical and clinical studies of neural activity and connectivity in the global brain. evolution of the signal in cortical layer 4 of the FL S1 region was used to calculate mean diffusivity changes due to stimulation. All subjects (n=5) and stimulation epochs (n=10 per subject) were averaged to calculate the filtered average cycle. Color code: blue -filtered averaged BOLD data, green -filtered averaged diffusion-weighted data (dfMRI), red -apparent mean diffusivity (MD).
